The role of BMP signaling in mouse embryonic stem cells  by Luong, Mui Nhuc et al.
Stem Cells and Tissue Regeneration
Program/Abstract #366
A Lissencephaly-1-like gene is required for stem cell maintenance
in the planarian Schmidtea mediterranea
Martis W. Cowlesa, Amy Hubertb, Ricardo M. Zayasb
aSan Diego State University Biology, San Diego, CA, USA
bSan Diego State University, San Diego, CA, USA
Freshwater planarians are renowned for their capacity to replace
lost tissues from a population of pluripotent stem cells. Thus,
planarians provide a model in which to examine mechanisms under-
lying stem cell regulation. We have characterized an ortholog of
Lissencephaly-1 (Lis1) in the planarian Schmidtea mediterranea
(Smed-lis1). Lis1 encodes a highly conserved dynein-regulating
protein that has been implicated in key cellular processes such as
mitotic spindle apparatus orientation and neuronal migration. In
planarians, Smed-lis1 is primarily expressed in stem cells and neurons.
Following amputation, Smed-lis1 is strongly expressed near the
wound-site and within regenerating tissue. Silencing of Smed-lis1 by
RNA interference (RNAi) in intact or regenerating animals causes head
regression, ventral curling and death by lysis, which are all phenotypes
associated with stem cell ablation. To examine the fate of the stem
cells, we performed in situ hybridization to genes specifically
expressed in the stem cells and immunostained the cycling population
at different time-points following RNAi. We found that, in contrast to
controls, Smed-lis1(RNAi) animals have a dramatic increase in the
number of mitotic cells, followed by a progressive loss of the stem cell
pool. These data suggest that normal progression of the cell cycle is
disrupted after Smed-lis1 knockdown and are consistent with a
conserved role of LIS1 in regulating the function of the spindle
apparatus during mitosis. In addition to these results, we will present
data on candidate Smed-lis1-interacting genes. [This work was
supported by a CIRM New Faculty Award II RN2-00940-1 to R.M.Z.]
doi:10.1016/j.ydbio.2011.05.324
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Bone Morphogenetic Proteins (BMPs) are important in sustaining
self-renewal in mouse embryonic stem (mES) cells. In order to gain a
thorough understanding of the mechanism of BMP action in stem cell
renewal, we have applied high throughput genomic approaches to
identify BMP targets. A numberof BMP targetswere identified through a
RNA-Seq approach. Sincewe previously found thatmany BMP inducible
genes (Ids) contain a conserved 16 bp BMP responsive element (BRE),
motif searchalgorithmswere applied todeterminewhether theBREwas
present among the putative BMP targets identified through RNA-Seq.
While BRE is a predominant motif among the highly expressed BMP
targets, we also find a strong association with other transcriptional
factor bindingmotifs. Recently we have obtained ChIP-grade antibodies
against Schnurri (Shn) zinc finger proteins that have been previously
implicated inmediating BMP signaling andwe plan to report on the role
of Shn in the regulation of BMP signaling.
doi:10.1016/j.ydbio.2011.05.325
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Members of the Transforming Growth Factor-beta superfamily
play essential roles in the self-renewal and differentiation of
embryonic stem (ES) cells. While bone morphogenic proteins
(BMP) have known functions in maintaining undifferentiated mouse
ES cells, the role of Activin/Nodal signaling is less clear. Pharmaco-
logical, molecular, and genetic methods were used to understand the
roles of the Nodal-Smad2 signaling axis in ES cell maintenance.
Inhibition of Nodal-Smad2 signaling in embryonic or induced
pluripotent stem cells altered the expression of several putative
downstream targets, indicating this signaling pathway is active in
undifferentiated stem cells. Inhibition of Nodal signaling enhanced
the phosphorylation of Smad1/5 and increased the expression of BMP
targets, primarily due to the regulation of Smad7 expression by Nodal
signaling. These results indicate a previously undefined connection
between the Nodal and BMP signaling pathways in stem cell
maintenance. To further explore the functional relevance of Nodal-
related signaling in self-renewal, we examined the heterogeneous
expression of Nanog using reporter cell lines. Long-term inhibition of
Nodal-related signaling enhanced the capacity of undifferentiated ES
cells to remain in the Nanog-high epigenetic state, likely due to
enhanced BMP signaling. Attenuation of BMP signaling negated the
enhanced Nanog status in response to Nodal inhibition, whereas
forced expression of Id1, a downstream target of BMP signaling,
mimicked the effect of Nodal inhibition. These data indicate that
heterogeneity is a regulated process in stem cell culture, and Nodal
and BMP signaling coordinate activities to maintain the stem cell
phenotype. These observations are relevant to understanding these
signaling pathways in early development and in the reprogramming
of somatic cells to induced pluripotent stem cells. The molecular
mechanisms by which Nodal and BMP signaling coordinate stem cell
self-renewal and early development are currently being examined.
doi:10.1016/j.ydbio.2011.05.326
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